The gill-withdrawal reflex of the marine mollusk Aplysia Recent cellular and molecular studies of both implicit californica undergoes several forms of both nonassociaand explicit memory storage suggest that experiencetive and associative behavioral modification (Kandel, dependent modulation of synaptic strength and struc-2001). The molecular mechanisms contributing to imture is a fundamental mechanism by which these diplicit memory storage have been most extensively studverse forms of memory are encoded and stored. For ied for sensitization-an elementary type of nonassociaboth forms of memory storage, some type of synaptic tive learning exhibited by this reflex. Sensitization is a growth is thought to represent the stable cellular form of learned fear in which the animal learns about change that maintains the long-term process. In this the properties of an aversive stimulus applied to another review, we discuss recent findings on the molecular site, such as the neck or tail. As with defensive behaviors events that underlie learning-related synaptic growth in other species, the memory for sensitization of the gillin Aplysia and discuss the possibility that an active, withdrawal reflex is graded, and retention is proportional prion-based mechanism is important for the mainteto the number of training trials. A single tail shock pronance of the structural change and for the persistence duces short-term sensitization that lasts for minutes. of long-term memory.
. evoked transmitter release) at 24 hr. In addition, 12-18 Despite this phenotypic similarity, the short-term celhr after five pulses of 5-HT, completely new sensory lular changes for sensitization differ fundamentally from neuron synapses form. These account for about twothe long-term changes in at least two important ways.
thirds of the newly activated synapses at 24 hr. First, the long-term change requires new protein syntheThus, 5-HT induces two temporally and morphogically sis (Castellucci et Downregulation is particularly prominent at sites at maintenance of synapse-specific, long-term plasticity. Toward that end, they developed a culture system in which the processes of the sensory neurons contact Aplysia in which a single bifurcated sensory neuron of one another and is achieved by the protein synthesisthe gill-withdrawal reflex was plated in contact with two dependent activation of a coordinated program of spatially separated gill motor neurons. In this culture clathrin-mediated endocytosis leading to the internalsystem, repeated application of 5-HT to one synapse ization and apparent degradation of apCAM (Bailey et produces a CREB-mediated, synapse-specific longal., 1992b). Aplysia neurons express two isoforms of term facilitation that is accompanied by the growth of apCAM-a transmembrane form and a GPI-linked form.
new synaptic connections and persists for at least 72 Only the transmembrane isoform is internalized followhr. This long-term facilitation, as well as the long-lasting ing exposure to 5-HT (Bailey et al., 1997) . The internalizasynaptic growth, can be captured by a single pulse of tion was blocked by overexpression of transmembrane 5-HT applied at the opposite sensory-to-motor neuron apCAM with a point mutation in the two MAPK phossynapse. In contrast to the synapse-specific forms, cellphorylation consensus sites, as well as by injection of wide long-term facilitation generated by repeated pulses a specific MAPK antagonist into sensory neurons.
of 5-HT at the cell body is not associated with growth These data suggest that activation of the MAPK pathand does not persist beyond 48 hr. However, this cellway is important for the internalization of apCAMs and wide facilitation also can be captured and growth can may represent one of the initial and perhaps permissive be induced in a synapse-specific manner by a single stages of learning-related synaptic growth in Aplysia. term functional and structural changes that require, in As outlined above, the stability of long-term facilitation addition, local protein synthesis. Thus, the structural seems to result from the activation of a nuclear program change once initiated is not sufficient as a maintenance and the persistence of the growth of new sensory neuron mechanism for long-term memory. The structural change synapses, the decay of which parallels the decay of itself must be actively maintained. How might this local the behavioral memory. This raises two fundamental protein synthesis at the synapse, necessary for stabilizquestions in the cell biology of memory storage. First, ing and maintaining synaptic growth, be regulated? the activation of nuclear program suggests that longSince mRNAs are made in the cell body, the need for term memory could potentially be cell-wide. On the other the local translation of some mRNAs suggests that these hand, there might be a cellular mechanism to utilize a mRNAs may be dormant before they reach the activated cell-wide process in a synapse-specific way. Second, synapse. If that were true, one way of activating protein if a change in synaptic strength and structure is indeed synthesis at the synapse would be to recruit a regulator the underlying mechanism of long-term memory storof translation that is capable of activating translationally age, then the experience-dependent molecular changes dormant mRNAs. at the synapse must somehow also be maintained for . Usually, one of these conforcal signal, a regulatory mechanism commonly found in the nervous system. A prion-like mechanism, however, mational states is active, while the other is inactive. Furthermore, one of the conformational states, the prion introduces an additional feature into signal transduction; once the protein achieves its prion state it is self-perpetstate, is self-perpetuating, promoting the conformational conversion of other proteins of the same type.
uating and no longer requires for maintenance continued signaling either by kinases or phosphatases. MoreWork on yeast suggests that the Aplysia neuronal CPEB exists in two stable, physical states that are functionally over, its activity state is less easily reversed. This argument would imply that memory storage is much distinct. As with other prions, one of these states has the ability to self-perpetuate in a dominant epigenetic more dynamically regulated than one would predict from the alterations in synaptic structure alone. Moreover, fashion. However, unlike the known prion proteins where the dominant state is the inactive form of the protein, since these presynaptic structural changes share their postsynaptic counterpart, there must be transynaptic surprisingly, in the case of Aplysia CPEB, the dominant form is the active form of the protein capable of activatsignals both orthograde and retrograde to coordinate and regulate the structural remodeling in an ongoing ing translationally dormant mRNAs.
manner.
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